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(54) METHOD OF HIGH MASS RESOLUTION SCANNING OF ION TRAP MASS 
SPECTROMETER 

(57)Abstract: 

PURPOSE: To provide a method of using a high-resolution quadrupole ion trap mass 
spectrometer. 

CONSTITUTION: High resolution is achieved by eliminating a trap of unwanted ions using a 
low-speed scanning rate, a known mass reference mixture is used, and precise mass calibration 
is achieved by using a second auxiliary AC diode voltage for radiating a reference ion almost at 
the same time, when a target ion sample is emitted from the trap. A spatial electric lead in the 
trap is kept constant and insatiability of a main source of a mass axis is eliminated. In ionization, 
an auxiliary diode voltage of a wide bandwidth is applied to an ion trap, and unwanted ions are 
eliminated. At a part of ionization time, a wide bandwidth is constructed to leave both of samples 
and reference ions at the ion trap in the remaining time. A relative length of both parts of the 
ionization time is adjusted, and a full spatial electric load of the ion trap is kept constant, without 
opposing change in sample ion density. 
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(57) [^1^^] 

Km 2 omm a c zimmj±^i^m-t ^ r j: o r ieiis 

/^KaKiE^il):3c-r6o h y ^yy'[H(7:^?EmmWsi±-''SLitC 
m Wt^- ^-^i^y^Ji^^ :^>'M^Sio':>mtli^'^hf^'r\^— 




4f3.BC 413.85 413.90 413.95 414.00 4f4.D5 414.10 4i4i5 41420 



( 2 ) 

1 

^ yy^^^\c v=7 V \iiy^mm^tL^^^^n.t. (b) 

(c) WE^Pd->^ h7 :y:7°icS^/j'1^4^^-^A-r5 

X^^t. (d) '^'^^X.'iJm^-^ ^:ytm^ 

> >^tc:fnapi-^xa<^. (f) fjidSi^P-Yi^v^O^ 

mWM 1 <^:> Wli A C JXm^n& t:: J: o T WfJlB-T ^ > h ^ 

7fed^-r^Xflh;6-tbj3£^. ^:i^a^:^ffio 

tijWS^:^>' b ^ :y:7"^^^.i-5X^I (f) (c:5fefT Lrtij 

^ :^ b ^ :y b ^d^i^^ ^ ^ i^i'ii ^ XfM 20 

if*«issffiox?M (a) (r) m 

^■f)^, mTd'^>y"/i^-< :ti^^^o:>^X^mtii^ hy 



7- 8 5 8 3 6 

2 

{z.mm-( hyy yicmii^^. mm 2 <7:>}is'^mm 

[ SW*!! 9 ] 8 mmo:>:)jmx ^ o r . 

tuts t , jo J: 1 2 0')}^m\'^mmffK mU^ ^lyV^yZf 

[ff*^! 10] ^ 'Jriy V y yy''nM.'Mm\^\^m'r^ 
;^ai-e^o-r> (a) M^o:>m.m(^:>-< ^> hy 

yyy^n^^'mm^i^^^ri^ ^ 0 tr. wxt^ ^> s ^ 

y^ic h^-/h'':/^^^i^^^^&i:^-fe!:^XSi:. (b) 

y^jv^ :t >tmt^^ Vy yy°\H\z.h^ yy°^f\.7^^ 

mW.^ V y yy^\^^>'y^^\^'^ h'J y^y^^m 

-^^r**i-5. Xff.^. (d) tfJfci31^R^Hfc*v^H 

^^^7 y:/'^^^<^ t^-^^'hTMt. (e) MfE-r 
Vy yyy)^htA\h^t\^f:imm-< ^^^^^l^-t^^^^ 

XfS (e) (7:>f5lC7^^tT4'(C:»^nfct«#^{*LfflLT. 

2[E]l^(7-)XS (a) t^h (e) ili":! i: bMt^ 

Xff. (c) o:>m2o-)mrfmcmW.^:^>Vy y-:^ 
\H ^ tb/t V ^ 1^ ffli U . ffij f ciil:t^ ^tx.fz'm 

mm^^^- h y yyicmmu^i^^m-A'r^^-jimj'h'^ 

[ iS^il 1 3 ] m->%M 1 2 HLigc(7^ :tr^i T ^fc o r . 
^ 1 o->jK^m}&\ti\t^tm 1 t , ^{zm 

mtd-^J-^y^^^ :t:yU^(7:>±X^mtti^:t:^ hy y 

y"i)^ h K ^ (^:) {^'^^^ ^^m ^mkr&'73- ^ ^" L . 

^2C7:»J[S^i53cScW{t-^/i^^2(?:)-r:=e->'ibilffl t. q^t^ffl 
X-^mm-(:t> hy y':f:^^hnm-r^(^:^^^'^^Wt^m^^ 

[sf*xii 4 1 ts*Tii smmo^-Jj'^x^-^x. 

tc:^- A ^ n V :ryw(7) |;i jb^t 5 ^{k 6-i§? e 



( 

3 

V y y-y^mc hyy \i">^'m^m^L^^^J:-Ut . 

(b) -ffm^ h y y y^l::--^ lyy^'y^-^ h V :y^;^^# 

A-t^'JUmt. (c) S1jlfi-r:^>^ 

mm'k^^. n J: o T rii ^>«-^m^> tfj- ^ ^ ^RS 

'l:#(7:^y-xSri^^1-5. x@i. (f) stjtfiMti^^n 

/c^^ V ^M'»$G!1I (^:) ^ >^ ^SjcUJi- 5 fc i6 fJlS-T 

•y:/^7ferl:i-'5X?M^. (g) (I) ^'tcmJiB 

h ^ yy^t^hhXl^^Mzmm^:^>^^\^'^^^T.. 

Sulci h ^ y y ^ ^S-r 5 BiJttixm;^^ . 'pt^< th2m 0^ 
mjX(7:) 1 fUt^ictorSSctU^tb. Riiti:ilS2(7:)iltR^n7t^3Jt 

mffit:::j:o-r«cffi$n. Birtam'i*3cJ:t>"#;2(?^«s$6iii 

ffii-'5:&ffiT-fcoT. (a) %mo^%uM(D'-( ^^i^m^ 'A 

V y y y^\H (c: h 7 :y t:^ > ^'iJ aI ^ ii: ^ 'TM t . 
( b ) milE-r ;r H ^ :y >- >^/^-^ h y ^ 

A-r^xa^. (c) mWL^ :t'~y vy yy'\^mmAn.^^^ 

;^>';6^ltiJtfi-i';^v h y yy'P^K hy yy^-^th^ 
^ib-r^Xfl^'fco-r. 'Y:^>"fl^-r5^tciXg:^5. mi 

Vyy •^^'^^t^ 2 morm\^ $ MzM\ 



3 ) mWi^l - 8 5 8 3 6 

4 

tm^mm.'hmo^'K^'^'^t^ . xf^.^. (e) MBiitR^ 

X\.fzMk\^ ^ WM^Qfll P^J :^ >- ^ ^^ictfi 5 \z.m%^^ ^ 
>'hy yy"^i^'&ir^'iyUt. (f) XS (e) i^tcSu 

[ 0 0 0 1 1 
[0 0 0 2] 

— (Paul) ^,(::J:oT1 96 0#^-t^i9]i6-C#W^#^ 
h^:y:7°" ) ^mm't^Jjm^^mir^o ^:tyh 

ffl^nrv^^, ^^ti^ hy yy"^mmir^m'h—i>t^^^^ 

-Jjm'X:^m\'-1vIiiCM^^^M^AMH^ (mass resolution) /j^f 

[0 0 0 3] mm.'^^^^y hyyy^^-i-. ')yf'^^\y'^ 
j;r/DcsaE (^E5fe6^(c "V" ^dJ:!/ "u" -c-^^ti' 

xmm-' Vyy ^'i^^^^myj^hn^o Pilll-T N 

J: o T fifi ^ ;rL^# 5 . mu m^j:DC «JX i,tm 

D c mjx f ^ii ii ^ n T \/ ^ /.^ V ^„ ei ^' j^j j; 

40 m^iH c?:) A C mix ^{£ffli-5r..ir{::J:oTy^#v 

[0004] 4:t>'hyy J: o TfiJ N 

0:^=sL^^ h D— K\ h y yytO-yxi^^ij^t^h'^W^ r = 0 tC'/fe 

6) a . = - 1 6 c U/ [m ( r o ' + 2 z ' ) ] 

(::^@5C1 ) . *3j:t/q . = + 8 e V/ [m ( r ' + 2 
50 zc/) tr] (^S^^2) c/3flfWig9;^)-^^9;6^chi/^9 :i 



( 4 ) 

5 

[0 0 0 5] :itiho:>-Jd'm^^m&\^x. mtR^titim 

mtmhtl^o (a., qj -^^l^l^^^^rny" (the 
stability envelop) 35 iC^f^-f 6 i^-^. 4 :t>l^mm 
T-m\^X<:>X hy ^yy'^n^o (a., q.) ^J^^M^ 

y y y^\H XM\ hth^ :lo'^ X. o tj:^ ^:-'±.Xf)'^m^^\^m\h 

^n^xh^Oo u. v^3xxi [ o:)ig.^mt^-^x'WJ^ 
o:>^:t>(^mm^'^'^ii^-r^:^tfy^xt^o -JvU^i:/^-^ lo 
u = o (o^t9. hy yy{caDcmj±.^^^\^^i}^ri 

[0 0 0 6] ^ hy yy"^i^m-t^mMm^^:^l[t. 

■m%^m\^iofz-:>x^ :ti^^n't hy yy^m^miL^'^^ 

-o:)-^>y''/v^4 :t>'itir^i:Ut. 7k\^^X hy yy'P^ 

-trl^ai^n^ J: ok^Vy y-y(r>\Hm^^^^.'t^^TMt 
t^h^&^o mmm^. ^:^l^{^imo^:y:->Y^A-yy'0') 20 
WilP ^ili::T:%ttl^nffi:^»S^ff (electron multipl 

ier) -'e^tta^i^'5o 

[0 0 0 7] if>':7'Vu^>^?:-r:tv^t;-r'5fc46(?:);^ffi^^^ 
^m#^E-r5o ftfc-flxWi^. '^:yy'j\^'A^'-fy>Vy yy" 

rAlt-^A^tLmT-t^'— ^/J^ — A (trap v 

"EI" c7) J: ^) 
xm^ti^t^^SL^^l^^ ^> hy y^kzmx^fx^. -^yiyy" 
it>it^fz.\t. "CI" i:b-C#0S§n^o u-if-t:^- 

-r 5 (7:) :^^ a t ^ b ;tx T V ^ ^ o ^ B @ A^J i - v ^ 
T . ^ V ^iij 6 fc ^ tc>f^>H f kKff 

[0 0 0 8] o^/cr/'Y^>';^^fl'^;53c^tL h ^ :y:7^f^(::Rt 

m-^n^t. ^^(Dmm:^K ^>'^mi 

(isolation) (MS) " ^^^^tTi" 5 /c V) i^lfljffl 40 

T#6o (MS) "^S^tC4o^/^T. 1^ h (paren 

^ns■^^^kth^th^^>•^^^tLlt,6^ml^x "^'^ v k k- 

mwm}±^i^m'r^:Lt^XV^X^fcUhyy\::' 

[0 0 0 9] t'(D^ofj:^^y^(Dm^r>^:t>' by yy 
xni^thXh7^^^t>^J^^^:^K Mcm\\^^ by yyl^^-^-r 
^4:t>':^^^lX^^^^^rk7^-r^'J^^~^t'^^^o ±U(^')t 50 



#lll¥7 - 8 5 8 3 6 
6 

y yy^^^^-t^zt^-^m^^A^x^^-^^ ^m^m- 

g?4 5 4 0 8 8 1 m\^:i±o^m^4^^^ hy y 

t/|T^rj7T<L. Vy yy^i^f^-^ '^:y^^'ii'&\z.\^X Vy y 

[0010] *ll|4tt^^" 4 5 4 0 8 8 4 -^-Tri^i^ ^ tL7t 

»ii^/c^;^7t^^^^v^r. dcSH (u) iio t;if^S^:h. 

m''MM\mz.:^\^^X^ t¥^m^ffW>4 5 4 O S S A^-o:>±-:M: 

K^flivc7:>fi6:^^>'>^ (ramp) -f- 5 J:oT^;ifc» 

(trajectory) HiiS^^fi^t;i^^^(c:?;e f9 . ^^^i)^^ ir 

Vy yy"'h^^^xr\< 
[0 0 1 1] ^ :t>^ hy yy"o-)\H^^^^^'t^i&o:>m 

^AcffijiH (V) tm^^^mm^i^^-r^o mmAcm 

m-t'-W^WMo:) h y yy"l.f-^:^i^^m\1i\i^\X^Hho-^ 

"7k^ (secular)" Wil&^iLX^mj^UZ. ^ 

;\y^—t'^^o-:):}jmx^'^^mo^^^iy\^'i^^^n^ t . 

^lb^^$it'5K#fiiW^|n3^ira (axial modulation) <^ 

y yyy)^h}&\h-r^^fz.mz.\^m^ih. (MS) "^.^(^ 
r^W.tr ^^>yy^V:»>r:?^>'^^"^>;/:7T;^';^ (buffer Ka 

^^■mxmw&^±o:>m'&Wi^ yi^y (ramp) ^ i: /^--c 

Vy y \fi^^^Wjoyi&m^^^^^it^^^^ :iti)^X^7^o 

mmmz.. m-)^\^mm^\^m\.x^:^>by y^^^E^. 
'y^rlxmm.m\cm^^^w^(r>^'^>tm\^^^^^^ vco 



( 

7 

i"'5::^}2xt"±w w't^^RiJrjtiy;:!^^ (resonance ejection s 
canning) 

[0 0 12] h^>>>^u/c-r;r>-(7:)^M|-«(ttJ**{is 51^ 

S4#W^4 5 4 0 8 8 A-%--X:^ff<^M:.%W^''k1^\M^ 

[S tc: ^pfc o T ;^ >- ^^*f -r 6 tli ^ ^Ke^ t-t§^P ^ -it 
[0 0 131 ^Sa^r^ LTitHftScWSri£ffl-r5-r:^> 

fflMj]'ffi:i±^o j:t/ h =7 y \f > 'ms±^o-^n'^w<(r)m\^^t'^ . ^ 

AM^Jt^. fS3li^^/^-r ^^^^ 

:y:7"fl. 5 5 5 Si^.^KMilifS: (amu)fe# (IWJ^ 
mfl. 1 9 0 s Sa muC?:i^^^T*fo'6) C^^^Ili 

[0 0 15] -^n.^^. m^^Xo:>^ ir^Vy y-fVXi^^ 
y^^v^-^ V^'^yy (GO \z:m^\^xmM^f\^. GCii: 

[0 0 16] cc7:)j: 9/^j:r^#ic:fc^v^T. Tf^t) 2 o 0 o 
iK.^.^-^\^x\^^^o 

[0017] t^i^ic. Sm:^fl¥tg/J^ 1 0 0 om-^XM^ 

m^mci&.mi^'r^z, t\cx.^x^A^t\^. am 

45 0 2 ^C:^oV^TS;■fi5)■«¥Bfe^ 3 3 0 0 0 tce:^^'r>5^ 

[0 0 18] mMmm^^^i''^ti^<^^i^^'^^^i'^^ 
}i;^^mm^m\^t:>fz^xrr o ttmmx^^j . - 



5 ) ^mW-T- 8 5 8 3 6 

8 

4 5 0 0 Oi^_hc^^Mm5u^fi?t^^#/io 

[0 0 19] W&6^M^o:>^<^'){&<^^Mm:^K S'ssom 

^ wmtm(^:>^in(^^t}tMi'^mi^^'t^mx2 0 

3 0 0 0 OCOH*^>M-Hgyj^ m/z;a^^3 5 1 0tC:io(t5 
Cs UC:^Jl^TiSl*$n7to tfbixTte-^OFWHM 
(f U.1 1 width at half maxi mum) 3 , 5mamu'Cfeo 

10 ^o:>ho:>x^) ht^l^^^':^o:>M^ (o^t^j, fwhm) 
[0 0 2 0] :ltb^bejc^^7)v^< o}0^ti#'^ft::*JW?:^tc7:) 
-r^iS V ^ S*»$qB1 ^ ^ i^^^ /j^ ^ 5 7t ^ Hffi "T^ /j: 

V\ {S3^7feS(slow scan)fi^W(noise);6^ffi??fA^J(-f^l/^ 

20 (s/Ni:b) ^acs.'T^z.tamMixh^o H^r^o 

T K y :7 h (drift) ^sftic^^H#rpi ^-^ <-r^t mm 
< ?t^5o ^(7:>rsmn^:^i^ yy'o:>m'f'T.'^. 
R F «-7- x^^ ^ :£t*j^ 'Jt la -r 6 1 ^ —ix % 

[0 0 2 1 ] 'Km57^«¥tlii6^tS;^P'r^ ^Kmi^-:^<?:'TFJS^ 

^^^^hcDx^mi^m'my^mmxh^o ^n^nm-r^ 

mAi'^^tX^-^tZo h^4^^^thtimm:^K Cs I 

im-f^^l^i^y^—yisoMd probe) ^f^j^-r^^ h ^ 

/j^L. :i(7D^7i^(l. f^ijx.{l5 0 0 0 0 J: i^J 

±:^&o:^m,m^o^-A^'U'J:Em^m%\^x ^ ■m^o:^^:^^ 
mi^z.^mt^mmx^^z.tfj^h:ith^wm'r^. mx. 

'<>^>';a'^5 0 2t7)Wfill:?t?ri;b^^-t-^:^1f^. 5amu/ 

&o:>^^mii^i^'^^x-^tLh(7:>mx^^'r^(^:>iicm 1 8# 

50 ;^-/j^>5o Mfi^Ti^. WM^^:^^^XnMo:>^ :tl^\^^^< 



( 
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[0 0 2 2] mm^c. ^(7:>i^^z^'o:^^jrsj^^^.xom 

WM'M (automatic gain control) (AGO iWr^i^ 

^7!)mm ^ ti-M i^^/\^xmz.ntio ^i)^^&mo:> agc 

SIStt. hy yy''(7:>±mi'^yjm^o:)n-Amxt^(y:>J^ 

\,^i,i^,^—o:>'KMX^l£ir^o-):^^:^'^'^-^X^^j:\^\ 
(prescan)" KS$Qlffl^f*t-tp/c:o t h ^ >y 

y^c-^TtE-t^mWs^M^-^'^o :z<D:fjmi-±m'^(Di&n& 
4^ V ^ T . # 'S' rffi V ^^)'fi?tgT'*S ^ n ^ # 

[0 0 2 3] 

nm^. ^ ^> hy yy'^&L^ir^fzi^(7:>mWr^i&iP^ 

[0 0 2 4] -4^mm(Dm(^^mt. ms:^(D^'^'^'\±^ 

[0 0 2 5] *:i|PJ^c7:)^(7)ftlic7:)|iWti, #11^tvl^S^/^a4 
[0 0 2 6 ] -4^m^j]o^^o^i^o:^]^f^^n. jJ^3$7fe^^(sio 

w scan rate)Xh^:^K XU&m^ ^ ^"^^ 

[0 0 2 7] '4^mm(D^(D{ikCO^^^n. miKl^t^^:t> 

[0 0 2 8] :^%mo:>:z^h:i(oX,U\^o:>^m±. ¥fWrm 

->%o:>%%m^^^'(jm'^m\^^^ts-^m'mm^ut^z.tx^^ 
m^\^\±mhti^x^^) . mm^^ h y yzrm.^'Mx 

(manipulate) -r^Xmi: . 2 0(7)ffi4*6^?J<:^^^^SSE& 
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10 

>';6^^-H#rBTrp1fi§. m-^i^\ci^'PUTX Vy yy"ti^h1k^^ 

:^>^^S|^/J^/^ — (purge) ^n^o *:|§PJ^ 
[0 0 2 9] 

tb^o mm^^^^ vy yy'ww^m^ ( "-r:^^!-^ 

[0 0 3 0] *^^MJS?r3S< -1-6^ (iricJ:oT'<:^v h 

5 5 5 a m u %:^'po:>W^-X V y ^ ^ o:)fy^i^^^~^'t ^ o 
^^mi^—Mx ^^hmmo:>i^ < ^^^^yiW^-t ^ ho:>X 

^ y >^ ^'^MXD C :ty y h t \^X Y^m^^ ^ ^ 1^ h 

y yy"o-)^X^nMX-^'0 . —^{cm^'f^i^^^^^^M^. 1 

[0 0 3 1 1 (-r:^>'0') "ma (mass)" t\^^o^mxm 

mm^i^m^ti^ r i: t^4^3V^T— ^iSW-Cfo^ 

^V^^W^^^$j^•t■•5o ) El 1 ti1f>^:7VUF FTHA 
40 (yN— y^yUn I- y rf^)VT ^ >^) (perflurotributylam 

ine) £7:)^4r'a tp-r h ^ :y >'^c?:)l^^J^4^c;:)Kft^^^ h 
/KD— ^|5^>T^fo6o ^^-a^^tt. Wi6 9. 100. 

131. 212, 264. 414. 5 02. :JoJ:t/61 
4(C*3i.^T^^>^55^#^fr:-r^fci6. mi'^IES*^ LT 
J: <f^il^n5o H 1 t^Sfi¥^4 1 3. 8 0 i: 4 

14.20 }io->f^o':>W^y^^^ VJ\^^7r^'t. :Lo:>m.^:^ 

v^^n. m^\\oyi}tm^mxh^^^hn\^7^mmi\^ 
o r # h 'i)^miimx!^mm\c^m $ t> 

(o^ ^9 > ZO:>'K-^Mm^^^^^X 5 5.5am u fe#) 



( 7 ) 

11 

[0 0 3 2] mi ^^^<-t^t. W4 4 1 4/j^mi6bix 
^ Vy [gi^/^*. f^J;tt^ C (7:»Wfil5B^fi':> 5 

5. 5 a muS#^/:l{i-^t^l^-h^?:►ftMM/.^If]ii"^^#- 
(f■ast scan rate)T^«^n^ <h K:^fe1C?>^Ps1«^Kf 

[0 0 3 3] m2 {1. Mm 414 ;^5^*9u Clig^i (isol 
ate) ^^thtlWMO'^n&X'h^Z.t^W.^. ElliCffi/O^ 

— -cfo'S^^ ?fiiSc7:)^^— /u- (scale) {i^mwtzM/j: 

x-h^. A\f—^(D^m^^^-r^tx\ #^ 

[0 0 3 41 m^^v:Mi^m\^B^(^-< 

m^mm (isolate) -^m^i^^^xm^i^ 
xh^. ^ti^mf&-t^tii^\^^mm^WjK 1992 
^ 7 3 1 0 itim(^:>Mmm'^t^\MMm 07/923093 

o:>^m\ll:\mxM^^ ^ ri^:^^^^n. ^ C7> ^ > ^ ^ R ft w 

mir^tzi^){z.ii^^mtj:}m&m!i^±x ^^tj^^fimmxm 
'T-mm^Mi^T.f^^^tJo 40 
[0 0 3 5] y^3momM'Mmi¥m. ^^^tMrnrnx-m^^ 

Xh^^ hy yy'^m^Ml^X^^^ir^bllU^^ 

^ylzmm^ti^o -C h y y-^o^^mm^^^^^^xik 

htl^ (integrate) 1 

^^^^h(7:>m^M\^tiWMM'A\^^XMm,'t^Mmo:>^ :t>' 
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D 



5o ^Hfl. "HU^ffi" r.MX^ hy y':fo:>±mt 
g n >5 c':) T § 5t5 (7:) . A G c f/lf <b ( 1 ^ Ffi 1^ 

[0 0 3 6] -r;r>' 1-^ :y >^V:>7feS^^M<i^-$^i-6:: <t 

i-mWMr^ ^ sji fi: i- 5 t c ^J[] ^ W fef^ -e ^ ^ . 

ifm'^o-:) n mxm-tw(DnAo:^&mi^^^k^\^m'r^oz t 

fI^(-m?:f:6K»^^i-5t^^. 2fli§I(?)K#«30Rfl(7)7fe* 

#J{i. ^rf:^;::^^^. :7 ^ >^ h (collisional frag 

[0 0 3 7 ] ;^finj^(±. 2mo:)m^)}J^czLmW±.^\'^^ 
'f^^t\z.X,^XZ.o-)f^m^^m\.. ^-^^yVyvy'i)^ 

(1 {3: R# i;^: m $ n 6 o 2 fli] (?:) iE??fe \z.^'^-^^fz. mm 
0 # -T? 5 o 2 o (7) i jc ai — 0 1 1'H^J ^j: ^ Fn^ -c fB'J PR 

[0 0 3 8 ] 1EI4 (a) ^>?^i^>':7'/L'-f 

"S" . mm^^i^ "R." . :J^ctt/-^c?:)fR]ii/Lf4^ 

( b ) y'jv^ mm l /c ic t# ^ 

^tLT^^^ h>'^Sr^i-o 1114 (b) ^c:joV^r. '^i^y')V 
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5o 1114 (c) l±^J^^^^'^:yy'ji--( :t:yiS:W(7m^:^^^ 

[0 0 3 9] *^gpj5(cb/c7ji^or. :^ 1 o':)M«]AC?;iffi 

q^comiK^titzm 1 (7:»^iI-C-<:^V :y>^;0^e5 Settle 

^r2i^y<^^ (DAC) ^{^ffib. V=7 y':y'^i^ 

-r^, KfiWii:S<7:>DACXg#jc^tiJn$it. dacx 

fl(7:>#>^C7:» K^^^^^P^Prg (dwell time) ^t^ti^U^it^ 

[0 0 4 0] El 4 (d) ^^mo^2mm]Acm]±. 

icoym&^!i-^K \M4 (c) {cfr^ stitch CO {:Lmn^'^icm. 

[0 0 4 1 ] z.o:)tjiWi(^:>AElt^tK M^^WM^ ^t^^'^iik 
> y /u-r -C- ^ 5 :t- > T ^ ;i ^fi PmI^ 

iiiv^^r h y yy"\Ho:)i^^i<fM^zM''0 t:/)^^t)fj^ 
5o -4^mmc. ^fj:^WM(D^:t>^^^hyy\:f>'^^7r<'J 
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[0042] EI5-8fl. :t>'m{Z^ h y 

yy^^X^iMM^ :t>'^^-^l.xnhntimmo:^^B, 

^^-To msit. srai 3 1 o-^tmi^^ivt-^x (1 e 3, 

10 5 KH z c;:)ilrS*fc"CO SS2 6 4 t7:'>l7j(a:i^^'ro 

6 4. 5 KH z [^R'x^tL. W'M: 13 1 /?)^Km:2 6 

4(c£l^Htr«1-u^i&a:i$n^o 

nfco la 7*dJ;D«|2I 8 ^^*5^/^T. K* 2 6 4 coJ^tBUi^ 
16 5. 5 4^J:U^1 6 6.6 KH z (C-^r^^^i^X^;^ 

^'■^^c;):^^tc:*3V^Tt>M■^c2 6 4;6>^"»i 3 1 

20 [0 0 4 3] i?-i]i^fif^ijt^:^yi/^r . fiiS^^ :^ >/6^ffi^J] 
{:z^:t>hy yy'<D^X^^^ti^^K "4^mmmit^ik 

[0 0 4 4] mmo:>^AEim^iim-r^t^. -r^v 
hy yyizmA^h.^mm^ ^>'o:im^Mm-t^ztu 

x^^ /j^ . A ^ti^ i^ ^^-y^yu-Y :^ >^c?:)S W-r 

m<7)5>fi^t!i/^^. hy yy°\^o:)'^iyy"/]y^:t>-mo:)±^^\i:^^^ 

30 '4^'^m(Dm(DmM><Z:^^'X. -^^y'^Ji^^^rj'mm^ 

h y y-yo:>\Hm^^MV]\z^ :^:^it-t^:Lt\cX.<:>X 

Xai4octt/*ia#fT-i±iM{t0 7/923093-i^ 

xmm LfcXo {c}xm^onmjM}±c^^wmcx-^x h y 

yylcmm^ti. ^iyy^)\^4 :^iyo^Ht^^ m'k.itJt.W^ 
m t2o:^mzry^t\^^o rc?3^2£7^^;^>'{bX@c7:>PBT. 

[0 0 4 5 ] &mU^^[(^')MJ^^^^C. t LX-^X.hri. — 
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(Qr+Qs) t^—'i^X'^^Xo{cmt^^^. zo:>iM 

[0 0 4 6] ^ ;^->' h ^ :y -^o:>mm^^^(^:^m-r:'mmj^ 

mm t ^iccmmm^mMi' ^ t l xtsAp 
[0 0 4 7 ] ^^mt'^'tonyM''Mm.m^^wM\^xmm^ 
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[B16] ^:^'y Vy y'f^O':>4^:yO->^^i^^o^:^—^' 

-oy^m^^-'t. '^^Wio-y-)5m^\^m\^x'\%^^tz.m,^ 

y.-<^y h/w-e^^o 
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